An actinomycete strain, isolated from a Mata Atlâ ntica soil sample, showing cellulolytic activity was subjected to polyphasic taxonomic characterization to determine its identity. Strain M7a
assignment to the genus Streptomyces. Phylogenetic analysis of its 16S rDNA sequence revealed that the strain differed from described streptomycetes available in the public databases; the most closely related species was Streptomyces laceyi, with 98?4 % nucleotide similarity. It also differed from other cellulolytic strains in its phenotypic characteristics. It is therefore proposed that strain M7a T , a cellulolytic strain with biotechnological potential, represents a novel species, named Streptomyces drozdowiczii sp. nov. The type strain is M7a The actinomycetes are an important part of the microbial community in the soil environment, responsible for degradation and recycling of natural biopolymers, such as cellulose, lignin and chitin (Semêdo et al., 2001) , and also a source of a wide range of other types of bioactive compounds for biotechnological applications (Okami & Hotta, 1988; Bull et al., 1992) . For several years, our laboratory has been interested in isolating actinomycetes from Brazilian soils, with the purpose of selecting strains for biotechnological applications, mainly enzyme production. Using the dispersion and differential centrifugation technique (Hopkins et al., 1991) , a cellulolytic actinomycete strain (M7a T ) was isolated from a Mata Atlântica Forest soil sample in Rio de Janeiro (Brazil). The isolate showed high cellulolytic activity at temperatures of 70-100 u C, as measured by the release of reducing sugars after 60 min incubation in a reaction mixture containing 500 ml 1 % carboxymethylcellulose plus 700 ml 0?05 M citrate/phosphate buffer (pH 7?0) and 100 ml crude enzyme preparation (Semêdo et al., 2000) . Preliminary taxonomic characterization, based upon analysis of morphological features (aerial hyphae with rectiflexibiles spore chains) and chemotaxonomic data (the presence of LL-diaminopimelic acid and the absence of diagnostic cell wall sugar, cell wall chemotype I sensu Lechevalier & Lechevalier, 1970) , revealed that the strain belonged to the genus Streptomyces (Semêdo et al., 2001) . Numerical taxonomic analysis performed according to Williams et al. (1983a, b) was not successful in classifying this strain in any of the known major or minor cluster groups nor as any other described cellulolytic species. Thus, in the present investigation, cellulolytic strain M7a
T was further characterized to establish whether it represents a novel species in the genus Streptomyces.
Streptomycete strain M7a
T was isolated from Mata Atlântica Forest soil (Mendanha Forest, Rio de Janeiro, RJ, Brazil) using starch/casein agar plates (pH 7?0) supplemented with 100 mg amphotericin B ml
21
, and seeded with inocula from the dispersion and differential centrifugation technique (Hopkins et al., 1991) , as described elsewhere (Semêdo et al., 2001) . Spores from pure cultures were stored in 20 % glycerol (v/v) at 220 u C.
Spore chain morphology and spore ornamentation were examined by light microscopy and TEM (EM 900; Zeiss) analyses of cultures grown on malt extract/yeast extract agar for 14 days (Shirling & Gottlieb, 1966) . Aerial spore-mass colour, substrate mycelial pigmentation and production of diffusible pigments were recorded after incubation at 28 uC for 14 days on inorganic salts/starch agar and glycerol/asparagine agar (Shirling & Gottlieb, 1966) . Melanin production was observed on tyrosine agar medium and peptone/yeast extract/iron agar (Shirling & Gottlieb, 1966) . Other physiological and biochemical characteristics were determined according to Williams et al. (1983a) .
For fatty acid and chemical analyses, cells were grown in glycerol/peptone/mineral salts medium (Paim et al., 1990) in a shaker at 140 r.p.m. for 10 days at 28 u C. Biomass was harvested by centrifugation at 13 200 g for 30 min and the pellet was rinsed with distilled water prior to lyophilization. For molecular systematic analyses, cells were grown on modified Bennett's agar (Jones, 1949) as described previously, washed in 0?1 M NaCl/0?1 M EDTA (pH 8?0) buffer and stored at 220 u C.
Cell wall amino acids were analysed after acid hydrolysis of the cell mass using 6 M HCl. Hydrolysed material was dried, resuspended in the appropriate buffer and injected into an automatic analyser (High Performance amino acid analyser, system 6300; Beckman), according to the manufacturer's instructions. Amino acids were identified automatically by comparison with retention times of a standard mixture.
Fatty acid analysis was performed by GLC using the transmethylation technique described by Lepage & Roy (1984) . Fatty acids were chromatographed as methyl esters on a Supelcowax 10 (Supelco) capillary column (30 m, internal diameter 0?32 mm) packed with polyethylene glycol. Analyses were performed on a Varian 3800 GC equipped with a flame-ionization detector. Helium was used as carrier gas at a flow rate of 1?3 ml min
. Injection port and detector were kept at 250 u C. The column temperature was held at 200 u C for 10 min, then increased stepwise at 4 u C min 21 until a plateau of 240 u C was reached; the column was held at this temperature for 15 min. Peak areas were automatically integrated by the Saturno software (Varian) and expressed as percentages. Fatty acid identities were determined by comparing retention times with those of a standard mixture (Supelco) of known composition.
Extraction of genomic DNA, PCR amplification and sequencing of 16S rDNA from strain M7a
T were carried out as described previously (Pitcher et al., 1989; Lane, 1991; Lane et al., 1985; Stackebrandt et al., 1992) . PCR was carried out in a thermal cycler model 480 (Perkin Elmer/ Cetus). Amplified fragments were purified using the Concert kit (Life Technologies) and sequenced directly using an ABI Prism dye terminator cycle sequencing reaction kit (Applied Biosystems) in an automatic sequencer (ABI model 310; Applied Biosystems). The 16S rDNA sequence obtained was analysed by CHECK-CHIMERA (Maidak et al., 1997) and subjected to a homology search against data from the Ribosomal Database Project (Maidak et al., 1997) and GenBank (BLAST-N, Altschul et al., 1997) . Sequences retrieved were aligned using CLUSTAL_W (Thompson et al., 1994) . Evolutionary distance matrices and trees were generated using the Tamura-Nei (Tamura Amino-n-butyric acid 2 2 Nei, 1993) and neighbour-joining (Saitou & Nei, 1997) algorithms with a pairwise deletion option, as implemented in the MEGA version 2.1 software package (Kumar et al., 2001) . The resultant unrooted tree topologies were evaluated by bootstrap analyses based on 5000 replications according to Kumar et al. (2001) .
Strain M7a
T produced aerial hyphae with long rectiflexibiles spore chains (RF type). Spore surface was smooth. In inorganic salts/starch agar and glycerol/asparagine agar media, strain M7a
T produced grey aerial spore-mass, with non-distinctive substrate mycelia colour.
The predominant fatty acids found in whole cell methanolysates were iso-16 : 0 (22 % total fatty acids), iso-15 : 0 (19 %), anteiso-15 : 0 (18 %), iso-17 : 0 (10 %), anteiso-17 : 0 (7 %), 16 : 0 (6 %) and iso-14 : 0 (6 %), which are consistent with patterns obtained from Streptomyces spp. The major amino acids found in cell wall hydrolysates were alanine (predominant), followed by glycine, glutamic acid and leucine.
A partial 16S rDNA sequence of strain M7a T (1191 nt) was determined. Comparisons with other 16S rDNA sequences available in GenBank using BLAST searches were used to select related sequences for constructing a multiple alignment. Except for Streptomyces cellulosae (only 870 nt), all other sequences represented nearly full-length sequences equivalent in size to that of strain M7a
T . The phylogenetic tree produced is shown in Fig. 1 . Strain M7a
T and Streptomyces laceyi C7654
T produced a consistent cluster with a high bootstrap value. The number of scored nucleotide identities and the overall percentage of similarity calculated by pairwise analysis indicates a sequence similarity of 98?4 % between these organisms. All the other 29 related Streptomyces sequences shared 95?1-98?0 % similarity with M7a T and were recovered in completely distinct branches (Fig. 1) .
T can be differentiated from S. laceyi and other described cellulolytic streptomyces species by many features (Table 1) . Compared with Streptomyces celluloflavus (Locci, 1989), M7a T differed in a number of characteristics, including gelatin degradation, penicillin G resistance, Larabinose utilization and melanin production. Compared with Streptomyces cellulolyticus (Li, 1997) , differences were observed in melanin production, utilization of mesoinositol, raffinose and D-xylose, one nitrogen source (Lcysteine), growth on 7 % NaCl, and resistance to penicillin G, vancomycin and kanamycin. Strain M7a
T differed from Streptomyces cellulosae in some characteristics, including adenine degradation, utilization of meso-inositol, D-mannitol and phenylalanine, spore chain type, melanin production, growth at 45 u C, and growth in the presence of phenol (0?1 %) and sodium azide (0?01 %). S. laceyi also showed some differences in relation to strain M7a T , including degradation of xanthine, antimicrobial activity against Bacillus subtilis, growth in the presence of 0?01 % sodium azide, and growth in L-histidine, L-valine and D-mannitol.
In conclusion, the cellulolytic strain M7a
T (Semêdo et al., Branched, grey coloured aerial mycelium is produced on inorganic salts/starch agar, with rectiflexibiles spore chains. The substrate mycelium has no distinctive pigment, but a diffusible yellow-brown pigment is produced. Oval spores, which are borne in chains on the tip of the aerial mycelium, have smooth surfaces. Melanin is produced on tyrosine agar and peptone/yeast extract/iron agar. A detailed description of phenotypic features is presented in Table 1 . Cell wall hydrolysates contain LL-diaminopimelic acid. The predominant amino acids in the cell wall hydrolysate are alanine (major), glycine, glutamic acid and leucine. The predominant fatty acids found in whole cell methanolysates are iso-16 : 0 (22 %), iso-15 : 0 (19 %), anteiso-15 : 0 (18 %), iso-17 : 0 (10 %), anteiso-17 : 0 (7 %), 16 : 0 (6 %) and iso-14 : 0 (6 %). Isolated from the Brazilian Atlantic forest soil (Mendanha Forest, Rio de Janeiro, RJ, Brazil). The species description is based on a single strain and hence serves as the type strain description. The type strain is M7a 
